that the thin loop of Henle acts as a countercurrent multiplier in the urinary concentrating mechanism (1, 5, 11, Z) , and attention has turned to the molecular movements involved in loop multiplication. One aspect of this problem is the relative contribution of water reabsorption versus transtubular solute addition (secretion) to the increase in solute concentration in descending limb fluid. Urea must be secreted somewhere in the proximal juxtamedullary nephron of Psammomys and hamster, since the quantity of urea in fluid at the bend of Henle's loop exceeds the filtered load of urea (20, 21, 23, 25) ; the site of urea addition is very likely the descending limb rather than the proximal tubule. The same is probably true for the descending limb of the rat juxtamedullary nephron (24). However, Kokko ( 16) reported a urea reflection coefficient of 0.96 for the rabbit descending limb perfused in vitro, implying osmotic equilibration occurs 96 % by water abstraction and only 4 % by urea entry ( 16). A corresponding conflict regarding sodium exists between the data for the descending limb of Psammomys in viva (25), and of the rat in vitro (24), which strongly suggest the net entry of sodium, and the in vitro studies of the rabbit descending limb, which yielded a reflection coefficient = 0.95 for NaCl (15).
Each of the foregoing in vivo studies was performed only upon animals excreting a hypertonic urine, since it is very difficult to induce a sustained water diuresis in a normal rodent prepared for micropuncture. The purpose of the present experiments was to study the flow and composition of fluid in the thin descending limb, first in water diuresis and then in antidiuresis, to ascertain those changes in loop function associated with transformation from water diuresis to antidiuresis, that is, with the production of a hypertonic urine. To achieve this goal, we used rats with hereditary hypothalamic diabetes insipidus (Brattleboro strain (3 1, 32)). In this paper are reported for the first time the concentrations of solutes and the fractional and absolute flows of fluid at the bend of Henle's thin loop in water diuresis. Analysis of the results suggests that water removal and solute entry contribute equally to the concentrating process in the descending limb in the transformation to antidiuresis.
METHODS
Three groups of rats of either sex with hereditary hypothalamic diabetes insipidus (Brattleboro strain (3 1, 32)), weighing 55-85 g, were studied by the micropuncture technique.
The first group (15 rats) was used to examine simultaneously collecting duct and thin-loop function. The collecting duct data and loop osmolalities from this group of rats were the subject of a previous paper (13). After anesthesia with intraperitoneal Inactin, 80 mg kg-1 body wt, a tracheostomy was performed and polyethylene catheters were inserted into both jugular veins and into the left femoral artery. The left kidney was exposed through a midline abdominal incision, the left ureter was excised to uncover the tip of the papilla, and the kidney was placed gently in a glass cup and bathed with mineral oil at 38 C. The papilla was illuminated by a fiberoptic light guide. The cut end of the left ureter was ligated and a catheter was inserted in the bladder to collect urine from the right kidney. The animal received a prime and maintenance solution of inulin calculated to achieve a plasma concentration of 80 mg/ 100 ml. In the first period, Tyrode solution, diluted 1: 1 with distilled water, was infused at a rate between 0.08 and 0.1 ml 2.2 mU ml-l. The infusion rate was set to equal exactly half the initial measured rate. Thus these animals received antidiuretic hormone at a rate ranging I from 88 to 110 $J min-l. After 1 hr a loop of Henle different from that in water diuresis was punctured and a sample of fluid obtained.
Samples of blood (65 ~1) were obtained from the femoral catheter approximately every 30 min during puncture. The blood pressure was measured through the same catheter. One or more urine samples were collected from the right kidney during each period.
The second group ( 10 rats) was used to study exclusively thin-loop function under conditions identical to those for group I. At least two loops were punctured in water diuresis and in antidiuresis.
A drop of Kel-F oil, at least 5 tubule diameters in length, was injected into the loop and the tubule fluid was collected as the drop was held steady or as it moved slowly downstream, but not out of sight. The collection was timed, the volume of fluid measured, and the single-nephron glomerular filtration rate (SGFR) was calculated (14). Superficial nephron function was studied in a third group of eight rats under conditions identical to those for the first two groups. In four rats the recollection micropuncture technique (4) was used to compare fractional reabsorption of water by the superficial proximal tubule in water diuresis with that in antidiuresis.
The end-accessible portion was identified by the injection of 0.03 ml of 5 % lissamine green in isotonic saline. No more than 0.75 ml of the dye solution was injected per rat. The fluid was collected at a rate deliberately less than the intratubular flow rate. In the other four rats the SGFR of the superficial nephron was determined by a technique reported previously (14). Four to six proximal tubules, selected at random, and one distal tubule, identified by the intravenous injection of lissamine green, were punctured during water diuresis; in antidiuresis four to six other proximal tubules were punctured at random while the same distal tubule was repunctured.
The SGFR determined in the distal puncture was used as a check on the proximal SGFR ( 14) : there was no significant difference between mean proximal SGFR and mean distal SGFR. The manufacture and treatment of the pipettes and the analytic methods have been described previously (9). Nonelectrolyte solute was defined as equal to the total osmolality minus (Na+ X 1.84 + K+ X 2). (The use of two for the osmotic coefficient of K+ instead of its precise value, l-88-1.94, introduces an error of no more than 6 mOsm-and usually less than 3 mOsminto the calculations, which is within the limits of the analytic error.) Standard statistical methods were used (27).
RESULTS
Whole kidney. The mean arterial blood pressure and function of the right kidney are summarized in The kidney weights of the rats used for group III were slightly greater, so the data are presented separately.
There was a striking decrease in urinary flow rate and fractional excretion of water and a marked increase in the urinary osmolality in antidiuresis. The mean arterial blood pressure and the fractional excretion of total solute remained unchanged. The glomerular filtration rate declined 15 %. Micro/wzcture.
In Table 2 is presented a summary of the micropuncture data obtained in groups I and II. There was accordance for each parameter in the two conditions between groups I and II except that the total osmolality, sodium, and nonelectrolyte concentrations were slightly but not significantly higher in group II. The experiments in group I were focused upon collecting tubule function (13); only one loop was punctured during each period. Technical problems prevented the successful determination of loop fluid potassium in 6 of the 15 animals; calculation of nonelectrolyte solute was thus limited to the other 9. The loop collections in the group 11 animals were considered superior to those in group I because there was more time to do them, two or more were done per period, and the operator had the advantage of the previous experience gained in the group I experiments.
For these reasons we elected to present the loop data in group I separately from group 11 and analyze the latter in greater detail (see below).
However, we found no significant differences in the results whether the two groups were analyzed separately or together, except that the difference between loop TF/PN& in antidiuresis and that in water diuresis achieved statistical significance in the combined group. The fraction of filtered water remaining unreabsorbed at the end of the descending limb was approximately 30 % in water diuresis. The osmolality of the loop fluid was persistently hypertonic even though, as shown in a previous study (13), the collecting duct fluid was significantly hypotonic. In antidiuresis TF/P osmolality of loop fluid was more than 50 % higher than in water diuresis ( Table 2 ). The fraction of filtered water remaining unreabsorbed at the end of the descending limb declined to approximately 20 % with a commensurate decline in tubular fluid flow rate. Juxtamedullary SGFR determinations again displayed the scatter noted in previous SGFR measurements (10, 14) There was a decrease in the mean value from 62.1 =t 7.01 nl min-l to 50.9 zt 4.72 nl min-l g kidney wt-l (or, in nl min-l, from 20.4 A 2.5 to 16.9 zt 1.4, respectively), but the decline was not statistically significant. (See Table 3 for individual experiments.)
In group 111 only the superficial nephron was studied. In four rats the mean TF/P inulin in fluid from the end-accessible proximal tubule was 2.28 & 0.08 in water diuresis and 2.31 & 0.08 in antidiuresis (n = 17). In four other rats the mean superficial SGFR was 29.7 =t 2.3 nl min-l g kidney wt-l (or in absolute units 11.2 & 0.7 nl min-l) (n = 23) in water diuresis and 35.4 XI= 1.6 nl min-l g kidney wt-l (or 13.6 ZIZ 1.3 nl min-l) in antidiuresis (P > .l) (n = 21). DISCUSSION , It is apparent that the animals sustained a brisk water diuresis in period I and a marked antidiuresis in period 2. Although the experiment was designed to insure a constant solute delivery in the two states, the actual experiments fell somewhat short of this objective. The GFR declined 15 % in antidiuresis, for which we have no ready explanation.
However, for reasons given in a previous paper (13), it is very unlikely that the decline in GFR by itself could account for the marked changes in urinary osmolality and fractional excretion of water which occurred. Fractional sodium excretion fell from 0.5 % in water diuresis to 0.1 % in antidiuresis (P < .05) in groups I and 11 but not in group 111. That a change in sodium delivered to the descending limb was a major factor in the observed changes in loop fluid seems unlikely for two reasons. First, analyzed separately, the decrease in fractional sodium excretion was significant in group II but not in group 1, yet the changes in loop fluid were similar in both groups Secondly, we have previously demonstrated in antidiuretic rats of comparable size that to effect changes in loop fluid composition similar to those reported here by changing urinary sodium excretion required a profound natriuresis (fractional sodium excretion = 6 % ( 14)). There was no significant change between water diuresis and antidiuresis in either SGFR of the superficial nephron or in fractional reabsorption by the superficial proximal tubule, as noted by others (2, 26). The principal changes occurred in the juxtamedullary nephron. The mean juxtamedullary SGFR was 62.1 & 7.0 nl min-l g kidney wt-l in water diuresis, and 50.9 Ifi 4.7 nl min-l g kidney wt-l in antidiuresis, but the decrease was not statistically significant.
These values are similar to those reported previously in the nondiuretic rat (8, 10, 14, 29) . In contrast, an increase in the juxtamedullary SGFR was reported by Davis and Schnermann using Hanssen's technique (3). The present work shows that a significant increase in juxtamedullary SGFR need not occur in antidiuresis, and thus is not essential to the mechanism by which the renal medulla becomes more hypertonic in antidiuresis. The papilla was hypertonic in water diuresis, as evidenced by the osmolality of the loop fluid at the hairpin turn, which is in osmotic equilibrium with that of the medullary interstitium (12). The concentrations of all constituents of loop fluid increased in antidiuresis, in particular that of nonelectrolyte solute.
The concentrating process in the descending limb was first assumed to be exclusively water efflux (7) and then exclusively solute entry (19) in early models. 20) reported the mean TF/P inulin = 1 l-l 2 at the bend of the thin loop in nondiuretic hamsters, suggesting water removal as the principal if not exclusive means by which loop fluid constituents are concentrated.
Since the TF/P inulin ratio at the end of the proximal tubule of the iuxtamedullarv nephron is unknown, however, it is difficult 183 to assess the relative contributions of water removal and solute addition to the increased solute concentration in fluid in the descending limb. To get around this difficulty, de Rouffignac and Morel (25) plotted TF/P solute and TF/P sodium as functions of TF/P inulin in their studies of the long descending limbs of Psammomys, and interpreted the results as demonstrating that net sodium chloride entry accounted for 85 % of the increase in total osmolality in loop fluid. Critical to that interpretation was the estimation by extrapolation of a TF/P inulin = 4 at the beginning of the descending limb. Kokko ( 15) The relatively low TF/P sodium ratios in the loop fluid in the present study, particularly in antidiuresis, suggested that transtubular entry of sodium into the descending limb was minimal.
Assuming, as a first approximation, that the descending limb is impermeable to sodium and that the sodium concentration of fluid at the beginning of the descending limb is the same as that of systemic plasma, permits the computation of the TF/P inulin ratios at the beginning of the descending limb? The calculation was performed for the group 11 data and yielded a TF/P inulin of 2.01 zt 0.19 in water diuresis and 2.43 rfi 0.22 in antidiuresis. Although these ratios for the TF/P inulin at the end of the proximal tubule of the juxtamedullary nephron seem low, particularly for water diuresis, when compared to the TF/P inulin ratio of 2.2 in the superficial proximal tubule at a puncture site approximately two-thirds of its total length beyond the glomerulus, they cannot be discarded simply on that basis. There is no a priori reason to suppose fractional reabsorption by the proximal tubule of the two kinds of nephrons is the same, since the filtration rate of the juxtamedullary nephron is higher than that of the superficial nephron. The calculated TF/P inulin at the beginning of the descending limb and the actual TF/P inulin at the end of the descending limb for each loop collection were used to calculate the contributions of water reabsorption and solute secretion to the final nonelectrolyte solute concentration, TF/P potassium, and TF/P osmolality in fluid at the end of the descending limb in group II. Results are presented in Table  4 .2 Mean increment in TF/P,,, was 2.34 in antidiuresis ( = 688 mOsm since mean P,,, = 294 mOsm). Of this, 362 mOsm was due to water removal along the descending limb and nearly all of the rest, 326 mOsm, was due to transtubular entry of nonelectrolyte solute (which is 80 % urea in the papilla of vasopressin-treated Brattleboro rats (30, 3 1) trations found in the present study has serious obstacles to overcome. If the solute concentrations in fluid at the hairpin turn are the result of water removal alone, the TF/P inulin at the beginning of the descending limb can be calculated by dividing the TF/P inulin found at the end of the descending limb by each respective TF/P solute ratio, since the TF/P solute ratio at the beginning of the descending limb (end of the proximal tubule) should be one or very close to one (25). In group II in water diuresis, the calculated TF/P inulin at the beginning of the descending limb would have to be 1.79 to explain the subsequent increase in total osmolality in fluid at the hairpin turn and 2.0 1, 1.41, and approximately 0.85 to account for the increase in sodium, potassium, and nonelectrolyte, respectively. In antidiuresis the respective TF/P inulin ratios necessary at the beginning of the descending limb to account for the solute concentra-tions in the fluid at the bend are, respectively,
